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(54) EXHAUST GAS PURIFICATION CATALYST FOR DIESEL ENGINE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the increase in the amts. of 
S03 and sulfates produced after a durability test as well as to keep 
ability to oxidize and decompose CO, etc., at a level equal to or higher 
than the conventional level. 

SOLUTION: A catalyst carrying layer 2 carrying a catalytic noble metal 
20 and an alkali metal 21 is formed, an alkali metal 10 is also carried 
in a lower layer under the layer 2 and the concn. of the alkali metal 10 
carried in the lower layer is made equal to or higher than that of the 
alkali metal 21 carried in the catalyst carrying layer 2. The diffusion of 
the alkali metal 21 in the layer 2 into the lower layer due to concn. 
difference is prevented and the reduction of the concn. of the alkali 
metal 21 in the layer 2 after a durability test is prevented. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the exhaust gas purification catalyst which 
reduces the discharge of a sulfate (sulfate) while purifying in detail the carbon monoxide (CO), hydrocarbon (HC), and 
fusibility organic component (SOF) which are an injurious ingredient contained in the exhaust gas from a diesel power 
plant about the exhaust gas purification catalyst for diesel power plants 
[0002] 

Pescri prion of the Prior Art] About the gasoline engine, the injurious ingredient in exhaust gas has been decreasing 
certainly by severe regulation of exhaust gas, and progress of the technology in which it can be coped with. However, 
about the diesel power plant, regulation is also behind also in progress of technology compared with the gasoline 
engine from the unique situation that an injurious ingredient is discharged as particulates (sulfur system particles, such 
as a carbon particle and sulfate, the amount hydrocari^on particle of macromolecules, etc.), and development of the 
exhaust gas purge which can purify exhaust gas certainly is desired from it. 

[0003] As an exhaust gas purge for diesel power plants currently developed by present, it roughly divides and the trap 
type exhaust gas purge using the trap type exhaust gas purification catalyst and the open-type exhaust gas purge using 
the exhaust gas purification catalyst of an open type are known. As a trap type exhaust gas purification catalyst, the 
****** type honeycomb object made from a ceramic (diesel particulate filter (DPF)) etc. is known. In the exhaust gas . 
purge using this exhaust gas purification catalyst, exhaust gas is filtered by DPF etc., the uptake of the particulate is. 
carried out, and if a pressure loss goes up, DPF etc. will be reproduced by burning the particulate accumulated by the 
burner etc. Moreover, a catalyst support layer is formed in isupport base materials, such as DPF, with an alumina etc. 
and the exhaust gas purification catalyst which made this catalyst support layer support platinum (Pt) etc. is also 
examined to make CO, HC, and SOF oxidize and decompose with a particulate uptake. 

[0004] What consists of Pt supported on the other hand like [ the support base material which consists of a straight flov • 
type honeycomb object made from a ceramic etc., the catalyst support layer formed in this support base material with 
the alumina etc., and this catalyst support layer ] the gasoline engine as an exhaust gas purification catalyst of an open 
type is known. According to this open-type exhaust gas purge, oxidization and decomposition of CO etc. are possible 
by catalyses, such as Pt. 

[0005] however - a trap type or an open-type exhaust gas purge with the above-mentioned platinum etc. - Pt top - 
S02 while oxygen reacts and sulfate generates ~ a catalyst support layer - S02 in exhaust gas adsorbing ~ the time of 
an elevated temperature ~ S02 it oxidizes by catalyses, such as Pt, ~ having ~ S03 ****** - it will be discharged In i 
diesel power plant, oxygen gas also exists enough in exhaust gas especially, and it is S02 by this oxygen gas. It 
oxidizes and is S03. It carries out and is easy to be discharged. And S02 It is S03 although not measured as a 
particulate. It is measured as a particulate. Moreover, S03 Into exhaust gas, it will react easily with the steam which 
exists so much, a sulfuric acid mist will be formed, and it will be discharged as sulfate. For this reason, in these exhaus 
gas purges, there is a problem that a particulate amount increases by eccrisis of sulfate, at the time of an elevated 
temperature. In order to support catalyst noble metals, such as Pt, to titania support at JP,4-25085 1,A, to suppress 
oxidization ability further and to suppress eccrisis of sulfate from this actual condition, the exhaust gas purification 
catalyst for diesel power plants which made the metal chosen from alkali metal, alkaline earth metal, and rare earth 
elements support is indicated. 

[0006] Moreover, the applicant for this patent supported alkali metal with catalyst noble metals in the catalyst support 
layer which consists of a silica, a zeolite, etc., and he has proposed the exhaust gas purification catalyst for diesel powe 
plants which suppressed discharge of sulfate, maintaining the oxidative degradation performance of CO or HC by this 
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(un-well-known at the time of Japanese Patent Application No. No. 74139 [ seven to ], and this application 

application). 

[0007] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned exhaust gas purification catalyst for 
diesel power plants which supported alkali metal wdth catalyst noble metals, when the durability test was performed in 
the 200-600-degree C service-temperature region, the fault that the depressor effect of the amount of generation of 
sulfate will fall became clear. 

[0008] this invention is S03 after a durability test while being made in view of the above-mentioned conventional 
situation and maintaining oxidization and resolvability ability, such as CO, conventionally and more than equivalent. 
And it aims at suppressing increase of the amount of generation of sulfate 
[0009] 

[Means for Solving the Problem] The special feature of the exhaust gas purification catalyst for diesel power plants of 
this invention which solves the above-mentioned technical problem is equipped with the 1st support layer which 
supported alkali metal to ceramic support, and the 2nd support layer which was formed in the 1st support layer front 
face, and supported catalyst noble metals and alkali metal to porosity support, and is to have carried out support 
concentration of the alkali metal of the 1st support layer to more than equivalent with the support concentration of the 
alkali metal of the 2nd support layer. 
[0010] 

[Embodiments of the Invention] The porosity support which constitutes tiie base material of the 2nd support layer can 
be formed by fireproof inorganic oxid^judLas-^n^lunun^^ a zeolite, a silica alumina, and a titania- 

aluniina. As for a fireproof inorganic oxide, it is desirable that mean particle diameters are [ 20 micrometers or less and 
specific surface area ] the things 10m2 / more than g. If it is the mean particle diameter to which a fireproof inorganic 
oxide exceeds 20 micrometers and is the specific surface area of under 10m2 / g, there is a possibility that sufficient 
resolvability ability of SOF may not be obtained. As for tiie 2nd support layer, in addition, it is desirable to form by the 
fireproof inorganic oxide of a silica alumina in respect of tiie improvement in the rate of purification of CO etc. 
[001 1] Covering formation of the 1st support layer can be earned out for example, at a metal support base material. ^ 
You may constitute so that it may serve both as the pellet support base material and monolitii support base material 
which the 1st support layer becomes from a ceramic again. Therefore, the quality of the material can be made into ' 
ceramics, such as the same porosity support as tiie 2nd support layer, or a cordierite, may be as of the same kind as the, 
2nd support layer, and can also be made into different species. 

[0012] A kind is employable even if tiiere are little ruthenium (Ru) besides typical Pt, palladium (Pd), and a rhodium . 
(Rii), male NIUMU (Os), and iridium (Ir) as catalyst noble metals. For example, as for tiie amount of support of Pt, it if 
desirable tiiat they are per unit capacity of an exhaust gas purification catalyst and 0.01 - 10.0 g/L. There is a possibility 
that oxidization and resolvability ability with tiie amount of support of Pt sufficient by less than 0.01 g/L may not be 
obtained. On tiie contrary, even if it supports Pt exceeding 10.0 g/L, improvement in oxidization and resolvability 
ability is slight, and an exhaust gas purification catalyst becomes expensive. Especially when the amount of support of 
R is 0.1 - 3.0 g/L, it is desirable by both sides of oxidization and resolvability ability, and cost. 
[0013] As for the amount of support of Pd, it is desirable that they are per unit capacity of an exhaust gas purification 
catalyst and 0.01 - 20.0 g/L. There is a possibility that oxidization and resolvability ability witii the amount of support 
of Pd sufficient by less tiian 0.01 g/L may not be obtained. On tiie contrary, even if it supports Pd exceeding 20.0 g/L, 
improvement in oxidization and resolvability ability is slight, and an exhaust gas purification catalyst becomes 
expensive. Especially when the amount of support of Pd is 0.5 - 3.0 g/L, it is desirable by both sides of oxidization and 
resolvability ability, and cost. 

[0014] As for the amount of support of Rh, it is desirable that tiiey are per unit capacity of an exhaust gas purification 
catalyst and 0.01 - 1.0 g/L. There is a possibility that oxidization and resolvability ability with the amount of support oi 
Rh sufficient by less tiian 0.01 g/L may not be obtained. On the contrary, even if it supports Rh exceeding 1 .0 g/L, 
improvement in oxidization and resolvability ability is slight, and an exhaust gas purification catalyst becomes 
expensive. Especially when the amount of support of Rh is 0.05 - 0.5 g/L, it is desirable by botii sides of oxidization 
and resolvability ability, and cost. 

[0015] As an alkali metal, even if tiiere are few a lithium (Li), sodium (Na), a potassium (K), rubidiums (Rb), caesium 
(Cs), and franciums (Fr), a kind is employable. In tiie case of two or more kinds of alkali metal, it is tiie total quantity, 
and it is [ the support concentration of tiie alkali metal in the 2nd support layer ] desirable that they are per [ 0.01 ] unit 
capacity of an exhaust gas purification catalyst - 0. 1 mol/L, There is a possibility that oxidization and resolvability 
ability with support concentration sufficient by less than 0.01 moI/L may not be obtained. Moreover, even if it supports 
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exceeding 0,1 mol/L, improvement in oxidization and resolvability ability is slight, and an exhaust gas purification 
catalyst becomes expensive. Especially when support concentration is 0.01 - 0.05 moI/L, it is desirable by both sides oi 
oxidization and resolvability ability, and cost. 

[0016] The greatest special feature of this invention is to have carried out support concentration of the alkali metal of 
the 1st support layer to more than equivalent with the support concentration of the alkali metal of the 2nd support layer 
for example, the melting point of a potassium (K) is 63.65 degrees C -- etc. - the melting point of alkali metal is low, 
for example, it is thought that it fuses in the catalyst service-temperature region which is 200-600 degrees C, and 
becomes easy to move Therefore, with the conventional exhaust gas purification catalyst, it was spread inside the 
alumina coat layer by which covering formation was carried out in the support base material to which alkali metal 
consists of a cordierite etc. while in use, or metal support, and had become the cause that sulfate depressor effect after 2 
durability test could not be obtained. 

[0017] However, alkali metal is supported with the invention in this application also in the 1st support layer of a 
ground, and, moreover, the support concentration has become the surface 2nd support layer and more than equivalent 
by it. Therefore, even if it becomes easy to move the alkali metal in the 2nd support layer with the heat under use or 
durability test, movement in the 1st support layer is suppressed with the alkali metal which exists in the lower layer 1st 
support layer, and diffusion by the concentration difference produced conventionally can be suppressed. And it is SOS, 
alkali metal acting on catalyst noble metals, such as Pt, in a certain form, and maintaining oxidization and resolvability 
ability, such as CO. It becomes possible to suppress generation. 

[0018] In addition, since it is desirable that tiiey are 0.01 or more mol/L, as for the support concentration of the alkali 
metal in the 2nd support layer, it is desirable to also make support concentration of die alkali metal in the 1st support 
layer into 0.01 or more mol/L. If the support concentration of the alkali metal in the 1st support layer becomes high too 
much again, since it is conversely spread in the 2nd support layer and the oxidization activity of catalyst noble metals 
may be reduced while in use, as for the support concentration of tiie alkali metal in the 1st support layer, it is desirable 
to stop within the double precision of the support concentration of the alkali metal in the 2nd support layer. 
[0019] Although the alkali metal supported by the 1st support layer and the 2nd support layer again,, respectively may 
be different species, it is desirable to suppose tiiat it is of the same kind. 
[0020] 

[Example] Hereafter, an example explains still more concretely. 

(Example 1) The outiine block diagram of the exhaust gas purification catalyst of this example is shown in drawing 1 : 
This exhaust gas purification catalyst consists of K (10) supported by the honeycomb support made from a c^ordierite. 
(1), and the coat layer (2) covered by the honeycomb support (1) front face and honeycomb support (1), and Pt (20) 
supported by tiie coat layer_g)_an^JL(21). That is, honeycomb support (1) constitutes tiie 1st support layer, and the 
coat layer (2) constitutes the 2nd support layer, 

[0021] It replaces with detailed explanation of the composition of the exhaust gas purification catalyst of this example 
by explaining below the method which manufactured this exhaust gas purification catalyst in detail. The straight flow, 
type honeycomb support made from a cordierite (1), and (400 cells / in2, the diameter of 80mm and a length of 95mm) 
are prepared, the specified quantity of the potassiumiiiitot^ of predetermined concentration is absorbed water 

to this honeycomb support (1) ~ making - S6o degrees C ~ 1 hour - heat-treating ~ honeycomb support (1) ~ 0.05 
mols per 1. K (10) was made to support, and the 1st su pport j ayejL ^s for med 

[0022] next, a silicaanian.aluiiu ~ a weight ratio^ SiOiTlOOdegrees^after preparing tiie included slurry so that 
it may be set to aluminuin2_Q3^Ti;:being immersed in this slurry, pulling up the honeycomb support which supportec 
K and blowing off an eJceessive slurry ~ 1 hour - drying ~ 500 degrees C - 1 hour - calcinating ~ honeycomb 
support (1) ~ the lOOg [ per 1. ] coat layer (2) was formed 

[0023] Next, after flooding with the tetra pod ag uninejiydroxide platinum solution of predetermined concentration for ] 
hour and pulling up the honeycomb support (1) in which the coat layer (2) was formed, excessive waterdrop was blowr 
off, 300 degrees C was heat-treated after 6-hour dryness at 100 degrees C for 1 hour, the ammine etc. was removed, 
an d Pt (20 Vwas supported, the amount of support of Pt (20) - honeycomb support (1) ~ it is l,5g per I. and the 
specified^qiiantity of the potassium-nitrate solution ofpfedetermined concentration is absorbed water further - making 
- 500 degrees C ~ 1 hour ~ heat-treating - honeycomb support (1) - 0.03 mols per 1. K (21) was made to support, the 
2nd support layer was formed, and the exhaust gas purification catalyst of an example^ was acquired 
(Example 2) die support concentration of K (10) in honeycomb support (1) - honeycomb support (1) - the exhaust gas 
purification catalyst of an example 2 was prepared like the example 1 except having been referred to as 0.1 mols per 1. 
(Example 3) tiie support concentration of K (10) in honeycomb support (1) - honeycomb support (1) ~ the exhaust gas 
purification catalyst of an example 3 was prepared like the example 1 except having been referred to as 0.3 mols per 1. 
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(pxample 4) the support concentration of K (10) in honeycomb support (1) - honeycomb support (1) - the exhaust gas 
purification catalyst of an example 4 was prepared like the example 1 except having been referred to as 0.5 mols per L 
(Example 5) the support concentration of K (10) in honeycomb support (1) - honeycomb support (1) — the exhaust gas 
purification catalyst of an example 5 was prepared like the example 1 except having been referred to as 0.7 mols per 1. 
(Example 6) the support concentration of K (10) in honeycomb support (1) - honeycomb support (1) - the exhaust gas 
purification catalyst of an example 6 was prepared like the example 1 except having been referred to as 1.0 mols per 1. 
(Example 1 of comparison) The exhaust gas purification catalyst of the example 1 of comparison was prepared like the 
example 1 except having not supported K (10) in honeycomb support (1). 

(Examination) Each above-mentioned exhaust gas purification catalyst was attached in the exhaust air system of a 
diesel power plant, and the durability test operated at 200 degrees C of entering gas temperature for 100 hours, 
respectively was performed. It attached in the exhaust air system of a 2.6L diesel power plant after that, and after 
performing aging processing operated for 1 hour at rotational frequency 2000rpm and 500 degrees C of entering gas 
temperature, while making it lower 50 degrees C of entering gas temperature at a time and analyzing PM before and 
behind a catalyst (particulate material), the amount of HC was measured. A result is converted into PM zero % 
reduction temperature and HC50% purification temperature, and is shown in drawing 2 . 

[0024] In addition, it means that generation of sulfate is suppressed as PM zero % reduction temperature, so that the 
temperature from which the amount of generation of the sulfate which increases, so that it becomes an elevated 
temperature becomes the same value as the amount of reduction of PM components, such as SOF except sulfate, is saic 
and PM zero % reduction temperature is on an elevated-temperature side. Moreover, HC50% purification temperature 
means the temperature by which 50% of HC in the exhaust gas in front of a catalyst is purified, and means that the 
oxidizing power of HC is so high that HC50% purification temperature is low. 

(Evaluation) It turns out that PM zero % reduction temperature rises, so that the support concentration of K (10) in 
honeycomb support (1) becomes high, and generation of sulfate is suppressed from drawing 2 . If especially the suppor 
concentration of K (10) is 0.1 or more mol/L, PM zero % reduction temperature becomes 400 degrees C or more, and i; 
effective for especially generation suppression of sulfate, 

[0025] On the other hand, since the inclination for HC50% purification temperature to increase is seen so that the 
support concentration of K (10) in honeycomb support (1) becomes high, that the support concentration of K (10) is 
also desirable turns out to consider as less than 0.5 molA. whose HC50% purification temperature is less than 230 
degrees C. Thus, it is guessed that the purification activity of HC will fall because K (10) is spread in a coat layer (2), 
the concentration of K in a coat layer (2) becomes high too much and the activity of Pt is checked if the support 
concentration of K (10) in honeycomb support (1) is too high. 

[0026] Therefore, as support concentration of K (10) supported to honeycomb support (1), 0. 1 - 0.5 mol/L is the the 
best for the bottom of the condition of the above-mentioned example. 

(Example 7) The outline block diagram of the exhaust gas purification catalyst of this example is shown in drawing 3 . 
This exhaust gas purification catalyst consists of K (40) supported by metal support (3), the alumina coat layer (4) 
covered by the metal support (3) front face, the catalyst support layer (5) formed in the alumina coat layer (4) front 
face, and the alumina coat layer (4), Pt (50) supported by the catalyst support layer (5), and K (51). That is, an alumina 
coat layer (4) constitutes the 1st support layer, and the catalyst support layer (5) constitutes the 2nd support layer. 
[0027] It replaces with detailed explanation of the composition of ihe exhaust gas purification catalyst of this example 
by explaining below the method which manufactured this exhaust gas purification catalyst in detail. After having been 
immersed in the alumina slurry, pulling up the metal support (3) of capacity 0.9L and blowing away an excessive 
slurry, it dried at 100 degrees C for 1 hour, it heat-treated at 500 degrees C for 1 hour, and the alumina coat layer (4) 
was formed, the amount of coats of an alumina coat layer (4) - metal support (3) — it is 50g per 1. 
[0028] the specified quantity of the potassium-nitrate solution of predetermined concentration is absorbed water to 
metal support (3) with this alumina coat layer (4) - making - 500 degrees C ~ 1 hour - heat-treating -- metal support 
(3) - 0.03 mols per 1. K (40) was made to support, and the 1st support layer was formed Next, it is Si02 at a weight 
ratio about a silica and an alumina. : The slurry included so that it may be set to aluminum2 03 =9: 1 is prepared. After 
being immersed in this slurry, pulling up metal support (3) with the alumina coat layer (4) which supported K (40) and 
blowing off an excessive slurry, dry at 100 degrees C for 1 hour, and it calcinates at 500 degrees C for 1 hour. Metal 
support (3) The lOOg [ per 1. ] catalyst support layer (5) was formed. 

[0029] Next, after flooding with the tetrapod ammine hydroxide platinum solution of predetermined concentration for ] 
hour and pulling up the metal support (3) in which the catalyst support layer (5) was formed, excessive waterdrop was 
blown off, 300 degrees C was heat-treated after 1-hour dryness at 100 degrees C for 1 hour, the ammine etc. was 
removed, and Pt (50) was supported, the amount of support of Pt (50) ~ metal support (3) ~ it is 1.5g per 1. and the 
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specified quantity of the potassium-nitrate solution of predetermined concentration is absorbed water further - making 
- 500 degrees C - 1 hour heat-treating - metal support (3) - 0.03 mols per 1. K (51) was made to support, the 2nd 
support layer was formed, and the exhaust gas purification catalyst of an example 7 was acquired 
(Example 8) the support concentration of K (40) in the alumina coat layer 4 - metal support (3) -- the exhaust gas 
purification catalyst of an example 8 was prepared like the example 7 except having been referred to as 0.05 mols per I 

(Example 9) the support concentration of K (40) in the alumina coat layer 4 -- metal support (3) -- the exhaust gas 
purification catalyst of an example 9 was prepared like the example 7 except having been referred to as 0.1 mols per 1. 
(Example 10) the support concentration of K (40) in the alumina coat layer 4 - metal support (3) - the exhaust gas 
purification catalyst of an example 10 was prepared like the example 7 except having been referred to as 0.2 mols per 1 

(Example 1 1) the support concentration of K (40) in the alumina coat layer 4 - metal support (3) - the exhaust gas 
purification catalyst of an example 1 1 was prepared like the example 7 except having been referred to as 0.3 mols per 1 

(Example 2 of comparison) the support concentration of K (40) in the alumina coat layer 4 - metal support (3) - the 
exhaust gas purification catalyst of the example 2 of comparison was prepared like the example 7 except having been 
referred to as 0,01 mols per 1. 

(Example 3 of comparison) The exhaust gas purification catalyst of the example 3 of comparison was prepared like the 
example 7 except having not supported K (40) in the alumina coat layer 4. 

(An examination and evaluation) Each above-mentioned exhaust gas purification catalyst is examined like an example 
1, and a result is shown in drawing 4 . It turns out that PM zero % reduction temperature rises, so that the support 
concentration of K (40) in an alumina coat layer (4) becomes high, and generation of sulfate is suppressed from 
drawing 4 . If especially the support concentration of K (40) is 0.03 or more mol/L, PM zero % reduction temperature 
becomes 400 degrees C or more, and is effective for especially suppression of generation of sulfate. 
[0030] On the other hand, since the inclination for HC50% purification temperature to increase is seen so that the 
support concentration of K (40) in an alumina coat layer (4) becomes high, that the support concentration of K (40) is 
also desirable turns out to consider as less than 0.2 mol/L whose HC50% purification temperature is less than 250 
degrees C. Therefore, as support concentration of K (40) supported in an alumina coat layer (4), 0.03 - 0.2 mol/L is the 
the best for the bottom of the condition of the above-mentioned example. 

[0031] In addition, although only K is used as an alkali metal in the above-mentioned example, even if it is independen 

or uses together two or more kinds of alkali metal other than K, the same effect as this example is acquired. Moreover, 

although only Pt is used in the above-mentioned example also about catalyst noble metals, it cannot be overemphasized 

that the effect that other catalyst noble metals are the same is acquired 
[0032] 

[Effect of the Invention] That is, since diffusion of the alkali metal which exists vAth catalyst noble metals is prevented 
according to the exhaust gas purification catalyst for diesel power plants of this invention, the sulfate generation 
depressor effect same also after a durability test as the first stage and oxidization activity are obtained, and catalyst 
performance degradation is prevented. 

[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the exhaust gas purification catalyst for diesel power plants which is equipped with the 1st support layer 
which supported alkali metal to ceramic support, and the 2nd support layer which was formed in this 1st support layer 
front face, and supported catalyst noble metals and alkali metal to porosity support, and is characterized by the support 
concentration of the alkali metal of this 1st support layer being the support concentration of the alkali metal of this 2nd 
support layer, and more than equivalent. 



[Translation done.] 
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TL^a. i^ft;:. x^-'fe:>xyi^y{;:*>v^rfi, 

02 tmit^iixsoz bLxm^^fi'^w 

10 SO3 W'<T^^:^\y-hbtxm^^til. t/z. S 

03 mM^^t^z^mzw^iTm^tmmzi^iht 
xm^^xhmfm. v-^i'y:L-hti-xmi^^tix 

Ltd. Z.<Otz^. Zfiih><om:h*:^mYMmX{t. 

- 2 5 0 8 5 1 ^'kmz{i.i~i^=.Tm.mzp tm(^mM 
f[^m^\mL. ^i^iizm\tmm\Lx^)vy:L,-v 
<r)m^'^nm-ifz^i^zT}vi}^)±w,. T)i':^^)±m^ 

20 ^)VJ^yi^ymm:^xwi\:Mm^m^^^fix\^h. 

[00 06] ^/i^JPffiMAti. i^'JT^, Mir=7^Vtc 

>^t-^ti:hmmmm^zm.-n'kut tuzr)Vfj 
m^m^L. z.fi\>zi^co^Hc<m\t-9rm'&m:m 

^ Loo-t;l^7 X - h i73#^tii ^ ^$rj t /::t ^ — if ;i/x y 
[0007] 

30 xyi^y^#P^-x^^[^M^e^-C'(i. 2 0 0-6 0 0^^ 
fz. 

[0008] -^mm. immmmzm^xtc^fi 

l^i^zm^t ^htt^z. mxu,mkco s 03 Rr/^;uy 

[0009] 

40 mcor^—^ji-Jiyi^ymm'XT^^mmco^^ii.-^ 
fv^v-^m^mirzm2mMt^i^i. mimm 

[0010] 

[MB^cOllj&gcoigM] ^2S^fli7)^M^tffi!c"tl.^?L 

50 imitmz J: 0 ?g^-r hzt t-x ^ h . m'Xmmmit 



3 

¥i^^^*^2 0AtmOT. tmmmpi om^ / 
mco}tmmmT^ti\^ . s o f iT)^^^!^;;^^^ 

[00 11] mitmM^:x. miii^^mimmzw, 
[0012] mmn^mt Lxi±. ft^&^j^p t , 

'J^A (Pd) . ni^r^A (Rh) i7)it!:^ ;i/x-^A 
( Ru ) . :ty.-ryj^ ( o s ) U x^i. { I r ) 

tom^fiti. m:^:^mmm<:ommmm . o. o 

1-10. Os/LVh^ZtmftLi\ Ptcryim 

m^o . 0 1 s/h^mTii. -\-mmit • ^Ptttg/t;^' 

%^ti^j:\'^mi^^^h. mz. 10. 0g/L^|3;i-C 

z3xhtcommx'itftu\ 

[0013] p dc^m^mii. m:^'xm\:Mm(r>^iiLm 

W^^. 0. 01-20. Og/LX'hhZb^t^tL 

^t-^mi^m^%^ti^j:\^^iimh. miz. 20. 0 
s/hmixPd^m^Lxij. mt ■ '^mm^<7)\^ 

Pdcomn&ij^o. 5-3. Qs/Lvhii^^itm-it 

[0014] Rh commit. m;^:^m\:jmcDmm 

0. 01-1. os/Lvh^zbm^L 
^\ Rh<?)m^&i^o. 01 s/L^mrii. +^^=^^ 

/LmixKh^mbxi>. mit ■ ^'■mm^<7)\oi± 
i)<i^^-x'^^. m^^xmmmmmb^j:^. mz. r 

h<7)immt^0. 0 5-0. 5s/LX'hlWr^imit 

■ ^mm^b:ixhbconmTntu^. 

[0 0 15] TMV^mblXit. V^^'AiL 
i ) . -fb'J^A (Na) , ;^>y^A (K) . ;l/t"y^ 
(Rb) . -t->'>i^ (Cs) . yyyiy^A (Fr) 

0. 01-0. imo \/LX'h6Zb1bmtU\^Q 

mm^^o. 0 1 m o 1 /L^mx-^t. -\-^^j:mt • ^ 
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mimipn^ti^^^^mM^h^. tt^. 0. imoi/ 
Lmixmtxh. mit ■ ^Mm^co\^±.tmf}'X' 

0. 01-0. 0 5mo l/LTh6i^^imit-^m 
^mb^Xhb(r>nmx^tl^\ 
[0016] :*:^BJ^^c?)#fe{i. m 1 

10 itmAif^<. mL\t2 0 0-6 0 o''c<^fm^}m. 
m.'mmLxi^mL^<^^ht^ti^ixh, ^cotznb^ 

m^^^flfzr}i'^'ra-Ym<n}HmzmiL. mmm 

m<n^)Vy x,-hmm^^'i%ioiiti:\'^Wmttc-yX\^ 

[0017] tt^ LMmmxn . Ti^<Dm i mm^ 
i/zhT}i-:^^j^m^mw^ti. i'i}^{>^(7)mwmmii^ 
m^m^mmb^wmib^^'yx^^h. iti^^-^xi^ 
20 m^xmmm^<^mzj:m2m.m^coTMv 
^mmmi^<K^:-yXi,. ymcomimnm^iz^ 

ti. ^^tx\^fzi^m^izx^im^mrhcbf3^ 
x'^h. ^ Lxr/u:^ u^SA^p tmco^^^mizn 

■o. S03 <^^^m\'t^ztmmb^j:i. 
[0018] Ki:^m2imm^<^rji':^ v^^comnm 
mao. 0 1 mo \yLmiX'h6z ttmtu^i}- 
^imnm^coTfU:^^)±m<^mmmijO. oi. 
30 mo {/LiiLtbt^^ib^mtLw trzmiimM 
^cDrju:^'j^0,mnm^m<^^r^^'ib. m 
^i^zmzm2mm^i^zmwi ixm^n^mcomit^m 
^m'^'^i^'^^^hh<^x\ miSj^M4^i7)r/^7>u 
±m(^mnmmim2mwM^coTfi'^ v^mcotmm 

[0 0 19] trzmimMbm2mMi>z^rimm 

t-ri:ibf}^tL\\ 

[0020] 

40 [ mmm ] ot. mtmi^z x^^^ izMi^mzmmi- 
{mmi ) mi^zi^mmm\:t]xmmm<oimm 

{ 1 ) yNX;<?Aa#: ( 1 ) ^MkZ 
mi^fitzz2-Ym {2) b. /\::Lijd^^m ( 1) tCtS 

mtitz^ ( 1 0) (.2) hzmn^titzP 

t (20) mfK (2 1) i:*^i^M$nrv^^, 

{2)i^m2imm^m^Lx\^^. 

50 [002 1 ] ;oi^f;^'>^M^^^^JiL;^c:^&$:OT 
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^-h7D-^'-f 7WN::^;<?AfI#; ( 1 ) 0 

K (10) ^Sl^^-li:. mimMmf^uz. 

r00 22j >^V:^tT}i^^i'^mmtTS i O 

mt. K^mnUz^^:^:^J^iBi^^C<OXy^J-{Zim 
im±^fX^^^j:XyV-^lik^tl-ofdk. lOO'C 

1 y 7 Y-JU'^t: ^5 1 0 0 scrta-hM (2) i 

[00 2 3] <^tc. ^-hM (2) mm^tifz^^::^^ 

t ( 2 0 ) o^aM^i/^-;^?i.^H#: ( i ) i^jvh/u^ 
fz^i. 5sv^h. ^ix-^f^^zmMmicrmm:f/v 
'y^ymm<^m^R^^7i^^^. 500 ^cx 1 m^mm 

StT^N-;(?Affi#: ( 1 ) 1 U vh^l-^^cDO. 0 3m 
o 1 cOK ( 2 1) ^S^f $1tTm2S^M^«t. H 

(^mm2 ) Aii;7^A^ei^;" ( 1 ) t^cOK (10) com^ 
J^Jt^ . J\-:^J^mi^ { 1 ) 1 U 7 0 0. 1 m 

oititz^t mutm^m 1 1 mm^z Lxmmm 2 
mxmtmmmuz. 3 
(^Mfj3 ) A-;j!?i,ifl^^ ( 1 ) cficoK (10) comw 

J^Jt^. ^^-;^^A^fl#: ( 1) 1 U h;P§;^c 0 0 . 3 m 

o i t Ltz^bi;Mi±m^mi t^mi^zLxmmmsio 
{mmM4 ) ( 1 ) ^a)K (10) <^m^ 

o 1 1 uzn mmtmmm i tm^z Lxm^mA 

(^M^]5 ) J\-/;Ami^ ( 1 ) ^COK (10) 
J^JI^. /N-;^Am^ ( 1) ly 7b;P^/v:0O. 7m 4< 

o 1 b ifzz tmHmmm i tmrni^z ixmmm5cr) 

m^^'xmtmmmuz. 

(mmie ) ( i > ^i^^ok (10) com^ 

. Afflf^tf (1) 1^7 hJU^fz 01.0m 

o 1 b itzCiti^Mi^m^mi t^mitztxm^meco 

m:^xm\:jmmmuz. 

i^nmi ) ( 1 ) ^izK (10) 

Uj:f}^'^rzz mmmmm 1 1 miz txmm i o 
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xy=jy<7)^%mzmm. ^ii^'ilX^;^'xm,2 0 
O'CX'l 0 0^^m:tmAmi^n':^fZ. ^(OW: 

2. eLf^-^'fi/xyiyycom^i^znnn. mm^ 

yr;l/) ^^^t^fctitcHCfi^M^t^:, MM^ 
PM-tfnm^^SJ^t/HC 5 0%vf^bia^twMELr 
m2^z5vcr, 

[00 24] ^fc. PIVHfD%ffiit?^^i:ii. If^tc^ 

m^fzSQFti:>iPMmt<r>{mM.hntmzti:h}m 
PU^u%m:m.i)^^m^t^ztch\%}£^)V'y 
3:-h<ri^^i^m\^fiX^^t^t^M%LX\^^h. t 
rzHC5 0%^itiS^tli. mmmcr>m:^'XipcriHCco 

n J t' H c io^it:^ si^^-i^i t ^mm LX\^t. 

(M) 112 J: ^\:::;;?A{0f^ (1) ^(DK (10) 
iOffl^J0^A<ii< (3 t'P M-tf D%fS^^^:5?Jl# 

I. ^Jl-yj.-hiO^^tmmtiX^^l^tt^ht-* 

#tCK (1 0) i7)f0}^?IUg:^-'O. Imol/Ulh 
T^Siitf P IVHf n%fK^ia^{±4 0 OVi^ltb^j:^ . V 

7^7 X - h <D^^muzmzs^^mxh a » 

[002 5] ( 1 ) 4'(7)K ( 1 0 ) 

£Oj0^^^^A^ii<^^i3HHC 5 0%^tiL^^;&^ii^-r 
^Mf^^^I.'^il^OT. K (1 0 ) (D^Wm^ltUC 5 
0%?^M»^'2 3 0 'Cm^Xh^ 0 . 5 m o I /L3f^ 

{ 1 ) ^(^K (10) OS^#?il^75?i^t"^'^ t 
HC£0?^^l:^gtt:^^^teT*r^^7){i. (2) tp^ZK 

(10) ;i)i't£titLT3-M (2) 4'cOK£?)?^^;^^]^< 

[0026] tfzi)^'^x±M^mmm(^^n'r{z}6\>-^x 
a, y^iT^Aief^c ( 1 ) ifZ^mt^K (10) com^^ii 

.g^LttiO. 1-0. 5mo \ /Lt^mmXhh. 

immmi) ms^z:^mmmmxmmt^(^wmm 
M (4) r/i/^-tn-M (4) mmi^zm^-^tifz 

^^Wm (5) TJi^^i^^-hM (4) iztm^ 

tuTzK (4 0) t. mu^mm (5) tctij^^^iycPt 

(50) ^t/K (5 1) t-/}^^m^^iix^-^h. -^^ 0 

r;L-5-fn^hii (4) *^mim^M^m^t, feyeSEffl 

mi5) t<m2mnM^mmLx^^i. 
[0027] c<r)mxmmm^mmuz:^m^wF 
ifzmmi^zmmi'i z t x\ ^mmmm^xmmm(^ 
mf^comm^mmi^zitii. ^mo. oLco^^/uim 
(3) ^T/i^ii-xyv-izmmt. m±ifx^m 

XyV-^\k^miiLtzm. 10 0*Ct'lB^f^g^^L. 
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Mfif^fc ( 3 ) 1 U hJU^ti 0 5 0 gr^>&, 
[0028] ZCOrJl-^-r^-hM (4 ) ^^^^:S^;l^ 

(3) 1 U'x h;l/^/u^)0. 03moli7)K(40)Sr 

^tc'^tf:^7y-^iwt. K (4 0) mnucTJU 10 

S^^-h^ (4 ) $rii-^;^^/WIf!fs: (3) ^IcoXy 

1 oomBr^$£ML5oo*cr'm^M^L 

> r^/L-ffii*: ( 3 ) 1 y 7 1 0 0 

[ 0 0 2 9 ] IMtli^Ji ( 5 ) ¥mi^-^i^rz;< 9 

^fAV\ 1 0 0'CT'm^l£^*^3 0 0°cm^#ft3?ns 

Lrry^y^^^LTPt (so) ^ffli^u^, p 20 

t ( 5 0 ) ^offl^fiti^ ^}Vm^ ( 3 ) 1 U h;u^/i 
0 1. 5 gT^S-g. , LT $ i^m^ii>gi7)5iK;i? U ^ 

LT^ ^f'/Pffl^: ( 3 ) 1 U 0 0. 0 3 m o 1 

COK ( 5 1 ) M!#?^T^2tB^ii^«L. ^WJ 

(UMi^ijS) r;l/5'^^-N^4cf3<7)K (4 0) i7)ti^ 
^^mk . ^ (3 ) 1 U V HU^/C 00. 05m 

(^MI?'J9) r;l/S^3-M44^i7)K (4 0)i0li^ 
iiS^. ^^/l^-ffl^: (3) 1 y vbj'l'i^cOO. Imo 

\ 0) T;^St::7-^®4 4^(7)K (4 0) iOS 
Wm.^. ^9)VW^^3) l';'yh;l-^>t:0 0. 2m 
o 1 1 1 ; W^MiUJg^ 7 t N^tc LT^iEil0?!1 1 0 

\ 1 ) TJV^-f-O-VmA^O^Y. (4 0) ^fi 
Wm.^. :^9)\yW^{3) lUvbyU^TtOO. 3m 40 

iimM2) T/\^^i-^-hm4^cr)K (4 0) coW^ 

mm^ . ^ ^fvmw ( 3 ) 1 u hyi/^^c 0 0. o i m 
o 1 b Lfz^bwwmmmi bmi^zLxm.m2<n 

imms) Tfv^i'zi-vmA.MzK (4o) 
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Lti:i}-nfzzt i:M\mym 7 1 nm^z lx mm 3 <n 

{mt ' mm) }L%t<7y^ix^'ix(omff^mY.mM^mk 
mibnm^zLxmii.. ^^^ii4tc^i-, 04 j; 
0. T}\^^i-3-vm (4) 4^i7)K (4 0) cnimm^ 

-}-CD^^f}W\^iiX^^^Zbi)^ht-l. ^i^zK (4 
0 ) <O^^WI^i)<0 . 0 3 m o 1 /Ll^lhXhtlit. P 
U^u%iS:mmit4 0 0'Ci:i±.b^£^. ^;l/7x-h 

<^m,(^mHzmz^wjx% t , 

[003 0] r/l/5^n-hl (4) ^(DY. (4 

0 ) <^imm^ti^-^< ^mt'H c 5 o%mm^i^m 
■ktms^t^^^ixh<^x\ K (40) ^?^^H^^i^l^^iH 

C 5 0%?f^l:jfiJK^^'2 5 0'C5|^?iT^^ 0 . 2mo 1 / 
\^^mb^h:Lti:imt.L^^:ibhht-h. Lfzt^-yX 

±l^%mmcr>^\^^T\>zi6\■^x\i.. r)i'^i~'3-vm 
{A) {z\mthy^ {AO) oymm^^tLx^^o, 0 

3^0. 2mo l/L^^^T'^^. 

[ 0 0 3 1 ] =Sri5. Ummmtr IV:^ 'J^Eh LT 

hh^^\mwMmmm lx h^mmmbnmm^tm 
^tih.t fzm:^±m^z->K ^-c h iMmmmx\i p t 
Lt-m\^xK^tc^^tiK \mmm^x'i:,^m<m^i:)^ 

'i%ihiihCb\tu')tX%.^j:^\ 

[0032] 

m^'xm\Lm^^zxii\f. mm^bb%,\<zm:th 

[HI ] :i^^^mmtm\mi^xmmm.mmm 
mtm^mmxh t , 

[112 ] /\:i,fjAmi ( 1 ) 4^i50K (10) CTi^mW^ 

b p u-^i^iXimm.mn c 5 0 (7)^f^ 

[[SI3] ^^B3£?)IIMf?!f7i7)f^;<?'>^?f^l;flj[|S|i^TO^^ 
[|14] 7;U5^3-M (4) ^(DK (4 0) 

r^fi$r^-r^7 7'c^§, 

[^r^£?^i^0^] 

{m2ffiM) 

5 {w>2^mm) 
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